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INSULIN FORMULATIONS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a 35 U.S.C. §371 National Stage
application of International Application PCT/EP2013/
057196 (WO 2013/153000), filed Apr. 5, 2013, which
claimed priority of Furopean Patent Application
12163730.0, filed Apr. 11, 2012 and priority of European
Patent Application 13157748.8, filed Mar. 5, 2013; this
application claims priority under 35 U.S.C. §119 of U.S.
Provisional Application 61/624,463, filed Apr. 16, 2012 and
U.S. Provisional Application 61/778,554, filed Mar. 13,
2013; the contents of which are incorporated by reference.

In accordance with 37 C.F.R. §1.821(b), Applicants
enclose herewith the Sequence Listing for the above-cap-
tioned application entitled “SEQUENCE LISTING”, cre-
ated on Oct. 7, 2014. The Sequence Listing is made up of 2
kilobytes, and the information contained in the attached
“SEQUENCE LISTING” is identical to the information in
the specification as originally filed. No new matter is added.

FIELD OF THIS INVENTION

This invention relates to pharmaceutical insulin formula-
tions which can be used to prevent, treat and cure diabetes
and aspects naturally related thereto.

BACKGROUND OF THIS INVENTION

Insulin is a polypeptide hormone secreted by f-cells of
the pancreas.

Insulin is used for the treatment of diabetes and diseases
connected therewith or resulting from it. Insulin is essential
in maintaining normal metabolic regulation. Since the intro-
duction of insulin therepy 90 years ago, the lives of millions
of patients with diabetes have been saved, prolonged and
improved. In the last decades, it has turned out that it is
extremely important for a diabetic patient to maintain close
control of the blood glucose level.

In Prog. Biophys. Mole. Biol. 91 (2006), 199 et seq., there
is an overview of different forms of insulins.

Usually, insulin is administered by injections (subcutane-
ously). In Nat. Reviews Drug Disc. 1 (2002), 529 et seq.,
there is an overview of alternative routes for the adminis-
tration of insulin.

In WO 2009/115469, acylated insulin analogues wherein
one hydrophobic amino acid has been substituted with
hydrophilic amino acids are mentioned. In WO 2009/
115469, there is no mentioning of specific injectable phar-
maceutical insulin formulations.

In WO 2008/015099, PEGylated, extended insulins are
mentioned. In WO 2008/015099, there is no mentioning of
specific pharmaceutical insulin formulations.

Briefly, WO 02/067969 relates to insulin formulations
which are stabilised because they contain two different
insulin species and, apparently, the description is focused on
insulin lispro being one of the two insulin species.

For decades, insulin formulations with different properties
have been developed and put on the market and those
formulations have been prepared using a very large variety
of additives. It is presumed that in the neutral insulin
formulations put on the market, none contain insulin all of
which is in the monomeric form.

Many patients take 2-4 insulin injections per day, e.g., for
basal treatment and prandial treatment.
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In 2007, there were 246 million diabetics in the world. In
2025, the number is expected to be about 380 million.

OBIJECTS OF THIS INVENTION

The object of this invention is to overcome or ameliorate
at least one of the disadvantages of the prior art, or to
provide a useful alternative.

Another aspect of this invention relates to the furnishing
of insulin formulations having a relatively high content of
insulin, e.g., a concentration of insulin above about 1.5 mM
insulin, preferably above about 3 mM insulin, and more
preferred above about 4 mM and a concentration below
about 9 mM insulin.

Another aspect of this invention relates to the furnishing
of'insulin formulations having a sufficient chemical stability.

Another aspect of this invention relates to the furnishing
of insulin formulations having a sufficient physical stability.

Another aspect of this invention relates to the furnishing
of insulin formulations having a sufficiently low viscosity.

Another aspect of this invention relates to the furnishing
of insulin formulations having a sufficient solubility.

Another aspect of this invention relates to the furnishing
of insulin formulations having a sufficient stable oligomeri-
sation pattern.

Another aspect of this invention relates to the furnishing
of insulin formulations wherein the insulin which is present
at a relatively high concentration is in dissolved form at a pH
value of about 6 or above about 6, preferably at a pH value
of'about 6.5 or above about 6.5, more preferred at a pH value
of about 7 or above about 7, even more preferred at a pH
value of about 7.4 or above about 7.4 and below a pH value
of about 8.2.

DEFINITIONS

The term “diabetes” or “diabetes mellitus” includes type
1 diabetes, type 2 diabetes, gestational diabetes (during
pregnancy) and other states that cause hyperglycaemia. The
term is used for a metabolic disorder in which the pancreas
produces insufficient amounts of insulin, or in which the
cells of the body fail to respond appropriately to insulin thus
preventing cells from absorbing glucose. As a result, glucose
builds up in the blood.

Type 1 diabetes, also called insulin-dependent diabetes
mellitus (IDDM) and juvenile-onset diabetes, is caused by
[p-cell destruction, usually leading to absolute insulin defi-
ciency. Type 2 diabetes, also known as non-insulin-depen-
dent diabetes mellitus (NIDDM) and adult-onset diabetes, is
associated with predominant insulin resistance and thus
relative insulin deficiency and/or a predominantly insulin
secretory defect with insulin resistance.

Herein, the term “formulation” is used synonymously
with the term “composition”.

The ionic strength of a solution is a measure of the
concentration of ions in that solution. Ionic compounds,
when dissolved in water, dissociate into ions. The total
electrolyte concentration in solution will affect important
properties such as the dissociation or the solubility of
different salts. One of the main characteristics of a solution
with dissolved ions is the ionic strength. The ionic strength
(herein designated “I”’) of a solution is a function of the
concentration of all ions present in that solution:

1= %Z izt
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where c, is the molar concentration of ion i (mol-dm™2), z, is
the charge number of that ion, and the sum is taken over all
ions in the solution. For a 1:1 electrolyte such as sodium
chloride, the ionic strength is equal to the concentration, but
for MgSO, the ionic strength is four times higher. Generally
multivalent ions contribute strongly to the ionic strength.

Herein, the following abbreviations are used: “Ac” for
acetate, “yGlu” or “gGlu” for gamma L-glutamyl with the
formula —CO—CH,CH,—CH(COOH)—NH—;
“HMWP” for high molecular weight peptides; “OEG” for
the amino acid with the formula NH,—(CH,),—O—
(CH,),—0O—CH,—COOH corresponding to the group
—NH—(CH,),—0—(CH,),—0O—CH,—CO— also des-
ignated [2-(2-aminoethoxyl)ethoxy|methylcarbonyl; and
“ThT” is used for Thioflavin T.

DETAILED DESCRIPTION OF THIS
INVENTION

It has, surprisingly, been found that formulations of the
insulin derivatives mentioned in the present specification
such as in the clauses and claims herein containing the

ZiT
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additives mentioned in the present specification such as in
the clauses and claims herein in the concentrations men-
tioned in the present specification such as in the clauses and
claims herein fulfil many of the above objects. For example,
such formulations are soluble and have a desired pharma-
cokinetic profile.

The insulin derivatives which are to be stabilised by the
present invention have the general formula I: Acy-X—Y,,-
Ins. In this formula, “Ins” designates an insulin analogue to
which a side chain (designated Acy-X—Y,—) has been
attached to the e amino group present in the B29 lysine
amino acid in said insulin analogue. In other words: “Ins”
designates an insulin analogue; and, according to formula I,
a side chain (designated Acy-X—Y,—) has been attached to
said insulin analogue, i.e., attached to the € amino group
present in the B29 lysine amino acid in said insulin ana-
logue. Said insulin analogue is human insulin containing
glutamic acid in the Al4 position, histidine in the B25
position, optionally histidine in the B16 position and,
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4

optionally, the B27 and/or B30 amino acid(s) has/have been
removed. In said side chain having the general formula II
(and designated Acy-X—Y,—), Acy is a fatty diacid with
8-24 carbon atoms from which a hydroxyl group has been
removed, X is yGlu wherein the amino residue has been
connected to “Acy” and—if n is different from zero—the
carbonyl group in yGlu has been connected to Y or—if n is
zero—the carbonyl group in yGlu has been connected to the
€ amino group in lysine in the B29 position in the insulin
analogue, Y is —NH—(CH,),—0O—(CH,),—0O—CH,—
CO— wherein the amino residue is connected to X and the
carbonyl group is connected to the € amino group in lysine
in the B29 position in the insulin analogue, and n is 0 (zero),
1, 2 or 3.

A specific example of such an insulin derivative of
formula I is A14E, B16H, B25H, B29K((N“-eicosanedioyl-
yGlu-[2-(2-{2-[2-(2-aminoethoxyl)ethoxyacetylamino}
ethoxy)ethoxy]acetyl)), desB30 human insulin. This com-
pound can also be designated A14E, B16H, B25H, B29K
(N¢eicosandioyl-yGlu-OEG-OEG), desB30 human insulin
which has the following formula:

OH

e}

g/\/()\/\O/ﬁ(§\/\O/\/O\)kNH
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The sequence list of the A and B chains of the parent insulin
analogue is given in SEQ ID NO: 1 and 2, respectively.
Examples of other specific insulin derivatives of formula I
are A14E, B16H, B25H, B29K—(N*hexadecandioyl-yGlu),
desB30 human insulin; Al14E, B16H, B25H, B29K
(N€eicosanedioyl-yGlu), desB30 human insulin; and A14E,
B25H, desB27, B29K(N*-(octadecandioyl-yGlu), desB30
human insulin. The formulae of the three last-mentioned
compounds are stated in examples 27, 60 and 151, respec-
tively, in WO 2009/115469.

Surprisingly, in the broadest aspect of the present inven-
tion, pharmaceutical formulations fulfilling the above
requirements can be prepared by mixing an insulin deriva-
tive of the above formula I with phenol, m-cresol, zinc ions,
optionally, one or more compounds giving the desired ionic
strength and, optionally, glycerol, all in the amounts men-
tioned in this specification.

The desired ionic strength can be obtained by adding
sodium chloride and/or sodium acetate, and/or TRIS
(2-amino-2-hydroxymethyl-1,3-propanediol) and/or argi-
nine in proper amounts in the amounts mentioned in this
specification.
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Surprisingly, in one aspect of the present invention,
pharmaceutical formulations fulfilling the above require-
ments can be prepared by mixing an insulin derivative of the
above formula I with glycerol, phenol, m-cresol, zinc ions
and, optionally, sodium chloride in proper amounts and
these ingredients may be present in the amounts stated in
claim 1 below, preferably 4.2 mM of the insulin derivative,
about 1.6% (weight/weight) of glycerol, about 25 mM of
phenol, about 25 mM of m-cresol, about 4.5 Zn/6 moles of
insulin derivative, about 20 mM of sodium chloride and
having a pH value of about 7.4.

The pharmaceutical formulations are made isotonic by the
addition of sodium chloride and glycerol.

Within the insulin field, it is common to give the figures
for the amount of zinc present as the amount of zinc ions
which are present per six mole of the insulin or insulin
derivative which is present in the preparation. Sometimes,
said six moles of insulin or of insulin derivative are, incor-
rectly, referred to as a hexamer, even though all insulin
molecules does not take part in the formation of a hexamer
configuration and, in such cases, the amount of zinc present
actually is the amount of zinc ions present per six mole of
the insulin or insulin derivative, independent of whether said
insulins or insulin derivatives takes part in the formation of
a hexamer configuration or not. For this calculation, one
does not have to consider which form said zinc ions are
present in.

It is desirable that, after injection of the insulin formula-
tion, the insulin derivatives self-associates to form, in par-
ticular, dimers, hexamers, di-hexamers (dodecamers) and
multi-hexamers. Herein, the term multi-hexamers covers
insulin assemblies containing more than 12 molecules of the
insulin derivative. It is believed that, after injection of the
formulation of this invention to humans, the multi-hexamers
will dissociate due to diffusion of the additives in the
formulation and that the liberated dimers will quickly dis-
sociate into monomers.

A sufficient oligomerisation pattern of a formulation
means that the pattern is substantially unchanged, through
the shelf life of the formulation. Furthermore, said formu-
lation may consist of several components, i.e., dodecamer
plus monomer or hexamer plus monomer but not
dodecamer, hexamer, dimer plus monomer and not unspeci-
fied different oligomers ranging from dodecamers to mono-
mers.

The insulin formulations are administered to the patients
in a manner known per se, e.g., according to the general
knowledge of the patient combined with the general knowl-
edge of the physician. This invention is best used at the
convenience of the patient. The final mode of use thus
depends both on the product’s capabilities and on the
disposition and preference of the patient. This is due to the
fact that the effect of any insulin product depends on the
insulin need of the individual patient and the sensitivity to
the pharmacodynamic actions of said insulin and lastly also
to the preferences of the patient in a given situation. These
conditions may change over time, both in terms of longer
periods (years) and from day to day. The optimal dose level
for any patient will depend on a variety of factors including
the age, body weight, physical activity, and diet of the
patient, on a possible combination with other drugs, and on
the severity of the state to be treated. It is recommended that
the dosage regimen be determined for each individual
patient by those skilled in the art in a similar way as it is now
done for known insulin formulations.

Diseases and conditions which are the primary targets for
this invention are diabetes mellitus (type 1 or 2) or other
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conditions characterized by hyperglycaemia, but also meta-
bolic diseases and conditions in general where the metabolic
effects of insulin has a clinical relevance or are of interest,
such as pre-diabetes, impaired glucose tolerance, metabolic
syndrome, obesity, cachexia, in vivo beta-cell loss/death,
excessive appetite, and inflammation. All these types of
conditions are known to or believed to benefit from a stable
metabolic state in the subject who has the disease or con-
dition.

In order to exercise this invention, an insulin preparation
may be administered parenterally to patients in need of such
a treatment. Parenteral administration may be performed by
subcutaneous, intramuscular or intravenous injection by
means of a syringe, optionally a pen-like syringe. Alterna-
tively, parenteral administration can be performed by means
of an infusion pump. Further options are to administer the
insulin composition nasally or pulmonary, preferably in
compositions, powders or liquids, specifically designed for
the purpose.

PREFERRED FEATURES OF THIS INVENTION

To sum up and supplement the above statements, the
features and clauses of this invention are as follows:
1. A pharmaceutical formulation containing an insulin
derivative of the general formula I, glycerol, phenol,
m-cresol and zinc ions.
2. A pharmaceutical formulation containing an insulin
derivative having the general formula I: Acy-X—Y,,-Ins,
wherein “Ins” designates an insulin analogue and a side
chain (designated Acy-X—Y,—) has been attached to the €
amino group present in the B29 lysine amino acid in said
insulin analogue, said insulin analogue is human insulin
containing glutamic acid in the A14 position, histidine in the
B25 position, optionally histidine in the B16 position and,
optionally, the B27 and/or B30 amino acid(s) has/have been
removed, Acy is a fatty diacid with 8-24 carbon atoms from
which a hydroxyl group has been removed, X is yGlu
wherein the amino residue has been connected to “Acy”
and—if n is different from zero—the carbonyl group in yGlu
has been connected to Y or—if n is zero—the carbonyl
group in yGlu has been connected to the € amino group in
lysine in the B29 position in said insulin analogue, Y is
—NH—(CH,),—0—(CH,),—0—CH,—CO— wherein
the amino group is connected to X and the carbonyl group
is connected to the € amino group in lysine in the B29
position in said insulin analogue, and n is 0 (zero), 1, 2 or
3, not more than about 2% (weight/weight) of glycerol, from
about 16 to about 35 mM of phenol, from about 16 to about
35 mM of m-cresol, from about 3.5 to about 8 mole of zinc
ions per six mole of said insulin derivative and having an
ionic strength in the range from about 0 to about 150.
3. The formulation according to any one of the preceding
formulation clauses, to the extent possible, containing an
amount of glycerol in the range from about 0.3% (weight/
weight).
4. The formulation according to any one of the preceding
formulation clauses, to the extent possible, containing an
amount of glycerol in the range from about 0.7% (weight/
weight).
5. The formulation according to any one of the preceding
formulation clauses, to the extent possible, containing an
amount of zinc ions per six moles of insulin derivative which
is below 7.1.
6. A pharmaceutical formulation according to the preceding
claim containing an insulin derivative having the general
formula I: Acy-X—Y,-Ins, wherein “Ins” designates an
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insulin analogue to which a side chain (designated Acy-X—
Y, —) has been attached to the € amino group present in the
B29 lysine amino acid in said insulin analogue, said insulin
analogue is human insulin containing glutamic acid in the
Al4 position, histidine in the B25 position, optionally
histidine in the B16 position and, optionally, the B27 and/or
B30 amino acid(s) has/have been removed, Acy is a fatty
diacid with 8-24 carbon atoms from which a hydroxyl group
has been removed, X is yGlu wherein the amino residue has
been connected to “Acy” and—if n is different from zero—
the carbonyl group in yGlu has been connected to Y or—if
n is zero—the carbonyl group in yGlu has been connected to
the € amino group in lysine in the B29 position in said
insulin analogue, Y is —NH—(CH,),—0—(CH,),—0—
CH,—CO— wherein the amino group is connected to X and
the carbonyl group is connected to the € amino group in
lysine in the B29 position in said insulin analogue, and n is
0 (zero), 1, 2 or 3, from about 1 to about 2% (weight/weight)
of glycerol, from about 16 to about 35 mM of phenol, from
about 16 to about 35 mM of m-cresol, from about 3.5 to
about 5.5 mole of zinc ions per six mole of said insulin
derivative and not more than about 75 mM of sodium
chloride.

7. The formulation according to any one of the preceding
formulation clauses, to the extent possible, containing an
amount of an insulin derivative of the general formula I
which is above about 1.2 mM, preferably above about 2.1
mM, and more preferred above 3.8 mM.

8. The formulation according to any one of the preceding
formulation clauses, to the extent possible, containing an
amount of an insulin derivative of the general formula I
which is below about 9 mM, preferably below about 7.1
mM, and more preferred below about 6 mM.

9. The formulation according to any one of the preceding
formulation clauses, to the extent possible, containing about
2.1 mM of an insulin derivative of the general formula 1.
10. The formulation according to any one of the preceding
formulation clauses, to the extent possible, containing about
4.2 mM of an insulin derivative of the general formula 1.
11. The formulation according to any one of the preceding
formulation clauses, to the extent possible, containing an
amount of glycerol in the range from about 1 to about 2%
(weight/weight).

12. The formulation according to any one of the preceding
formulation clauses, to the extent possible, containing about
1.6% (weight/weight) of glycerol.

13. The formulation according to any one of the preceding
formulation clauses, to the extent possible, containing an
amount of phenol which is above about 16, preferably above
about 20 mM.

14. The formulation according to any one of the preceding
formulation clauses, to the extent possible, containing an
amount of phenol which is below about 35 mM, preferably
below about 30 mM.

15. The formulation according to any one of the preceding
formulation clauses, to the extent possible, containing about
25 mM of phenol.

16. The formulation according to any one of the preceding
formulation clauses, to the extent possible, containing an
amount of m-cresol which is above about 16 mM, preferably
above about 20.

17. The formulation according to any one of the preceding
formulation clauses, to the extent possible, containing an
amount of m-cresol which is below about 35 mM, preferably
below about 30 mM.
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18. The formulation according to any one of the preceding
formulation clauses, to the extent possible, containing about
25 mM of m-cresol.

19. The formulation according to any one of the preceding
formulation clauses, to the extent possible, containing an
amount of zinc ions per six moles of insulin derivative which
is above about 3.5, preferably above bout 4, more preferred
above about 4.2.

20. The formulation according to any one of the preceding
formulation clauses, to the extent possible, containing an
amount of zinc ions per six moles of insulin derivative which
is below about 7.8.

21. The formulation according to any one of the preceding
formulation clauses, to the extent possible, containing an
amount of zinc ions per six moles of insulin derivative which
is below about 6.8.

22. The formulation according to any one of the preceding
formulation clauses, to the extent possible, containing an
amount of zinc ions per six moles of insulin derivative which
is below about 5.5, preferably below about 5.1, more pre-
ferred below about 5, and even more preferred below about
4.8.

23. The formulation according to any one of the preceding
formulation clauses, to the extent possible, containing about
4.5 zinc ions per six mole of the insulin derivative.

24. The formulation according to any one of the preceding
formulation clauses, to the extent possible, having an ionic
strength above about 1, preferably above about 10.

25. The formulation according to any one of the preceding
formulation clauses, to the extent possible, having an ionic
strength below about 150 mM, preferably below about 120,
more preferred below about 100.

26. The formulation according to any one of the preceding
formulation clauses, to the extent possible, containing an
amount of sodium chloride which is above about 1 mM,
preferably above about 10 mM.

27. The formulation according to any one of the preceding
formulation clauses, to the extent possible, containing an
amount of sodium chloride which is below about 150 mM,
preferably below about 120 mM, more preferred below
about 100 mM.

28. The formulation according to any one of the preceding
formulation clauses, to the extent possible, containing an
amount of sodium chloride which is below about 75 mM,
preferably below about 50 mM, more preferred below about
30 mM.

29. The formulation according to any one of the preceding
formulation clauses, to the extent possible, containing about
20 mM of sodium chloride.

30. The formulation according to any one of the preceding
formulation clauses, to the extent possible, containing an
amount of sodium acetate which is above about 1 mM,
preferably above about 10 mM.

31. The formulation according to any one of the preceding
formulation clauses, to the extent possible, containing an
amount of sodium acetate which is below about 150 mM,
preferably below about 120 mM, more preferred below
about 100 mM.

32. The formulation according to any one of the preceding
formulation clauses, to the extent possible, having a pH
value which is above about 6.5, preferably above about 6.8,
more preferred above about 7, and even more preferred
above about 7.2.

33. The formulation according to any one of the preceding
formulation clauses, to the extent possible, having a pH
value which is below about 8, preferably below about 7.8,
more preferred below about 7.6.
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34. The formulation according to any one of the preceding
formulation clauses, to the extent possible, having a pH
value of about 7.4.

35. The formulation according to any one of the preceding
formulation clauses, to the extent possible, containing an
amount of Zn per six moles of insulin derivative in the range
from about 4 to about 5.1 and having a pH value in the range
from about 7 to about 8.2.

36. The formulation according to any one of the preceding
formulation clauses, to the extent possible, containing an
amount of Zn per six moles of insulin derivative in the range
from about 4 to about 5.1 and having a pH value in the range
from about 7 to about 7.8.

37. The formulation according to any one of the preceding
formulation clauses, to the extent possible, containing from
about 2.1 to about 8.4 mM of the insulin derivative, from
about 2 to about 6 zinc ions per six mole of the insulin
derivative and having an ionic strength form about 0 to about
150.

38. The formulation according to any one of the preceding
formulation clauses, to the extent possible, containing from
about 2.1 to about 6 mM of the insulin derivative, from
about 3 to about 5 zinc ions per six mole of the insulin
derivative and having an ionic strength form about 10 to
about 100.

39. The formulation according to any one of the preceding
formulation clauses, to the extent possible, containing from
about 2.1 to about 6 mM of the insulin derivative, from
about 3 to about 5 zinc ions per six mole of the insulin
derivative and having an ionic strength form about 20 to
about 80.

40. The formulation according to any one of the preceding
formulation clauses, to the extent possible, containing about
2.1-52 mM of the insulin derivative, about 0.5-1.8%
(weight/weight) of glycerol, about 22-28 mM of phenol,
about 22-28 mM of m-cresol, about 3.8-5 zinc ions per six
mole of insulin derivative, about 10-90 mM of sodium
chloride and having a pH value of about 7.2-8.2.

41. The formulation according to any one of the preceding
formulation clauses, to the extent possible, containing about
4.2 mM of the insulin derivative, about 1.6% (weight/
weight) of glycerol, about 25 mM of phenol, about 25 mM
of m-cresol, about 4.5 zinc ions per six mole of insulin
derivative, about 20 mM of sodium chloride and having a
pH value of about 7.4.

42. The formulation according to any one of the preceding
formulation clauses, to the extent possible, containing about
3.8-5.2 mM of the insulin derivative, about 1.3-1.8%
(weight/weight) of glycerol, about 22-28 mM of phenol,
about 22-28 mM of m-cresol, about 3.8-5 zinc ions per six
mole of insulin derivative, about 10-30 mM of sodium
chloride and having a pH value of about 7.2-8.2.

43. The formulation according to the preceding clause
wherein the insulin derivative is selected from the group
consisting of A14E, B16H, B25H, B29K(N®eicosanedioyl-
yGlu-[2-(2-{2-[2-(2-aminoethoxy)-ethoxy]
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acetylamino }ethoxy)ethoxyJacetyl)), desB30 human insu-
lin, A14E, B16H, B25H, B29K(N*hexadecandioyl-yGlu),
desB30 human insulin; Al14E, B16H, B25H, B29K
(N€eicosanedioyl-yGlu), desB30 human insulin; and A14E,
B25H, desB27, B29K(N®-octadecandioyl-yGlu), desB30
human insulin, preferably Al4E, B16H, B25H, B29K
((N®eicosanedioyl-yGlu-[2-(2-{2-[2-(2-aminoethoxyl)
ethoxy]acetylamino }-ethoxy)ethoxy]acetyl)), desB30
human insulin.
44. The formulation according to any one of the preceding
formulation clauses, to the extent possible, containing about
4.2 mM of the insulin derivative, about 0.7% (weight/
weight) of glycerol, about 25 mM of phenol, about 25 mM
of m-cresol, about 4.5 zinc ions per six mole of insulin
derivative, about 75 mM of sodium chloride and having a
pH value of about 7.4.
45. The formulation according to any one of the preceding
formulation clauses, to the extent possible, containing about
3.8-5.2 mM of the insulin derivative, about 0.5-1% (weight/
weight) of glycerol, about 22-28 mM of phenol, about 22-28
mM of m-cresol, about 3.8-5 zinc ions per six mole of
insulin derivative, about 60-90 mM of sodium chloride and
having a pH value of about 7.2-8.2.
46. The formulation according to the preceding clause
wherein the insulin derivative is selected from the group
consisting of A14E, B16H, B25H, B29K((N¢eicosanedioyl-
yGlu-[2-(2-{2-[2-(2-aminoethoxy)-ethoxy]
acetylamino }ethoxy)ethoxyJacetyl)), desB30 human insu-
lin, A14E, B16H, B25H, B29K(N*hexadecandioyl-yGlu),
desB30 human insulin; Al14E, B16H, B25H, B29K
(N€eicosanedioyl-yGlu), desB30 human insulin; and A14E,
B25H, desB27, B29K(N*®-octadecandioyl-yGlu), desB30
human insulin, preferably Al4E, B16H, B25H, B29K
((N®eicosanedioyl-yGlu-[2-(2-{2-[2-(2-aminoethoxyl)
ethoxy]acetylamino }-ethoxy)ethoxy]acetyl)), desB30
human insulin.
47. The formulation according to any one of the preceding
formulation clauses wherein a major part thereof, e.g. 50%
(weight/weight), of the insulin derivative is in monomer
form.
48. The formulation according to any one of the preceding
formulation clauses, to the extent possible, wherein the
amino acid sequence of the insulin analogue present in the
insulin derivative of the general formula does not deviate
from human insulin in more than 5 positions and, preferably,
does not deviate from human insulin in more than 4 posi-
tions.
49. The formulation, according to any one of the preceding
formulation clauses, to the extent possible, wherein the
insulin derivative is selected from the group consisting of
Al4E, B16H, B25H, B29K((N®-eicosanedioyl-yGlu-[2-(2-
{2-[2-(2-aminoethoxyl)ethoxy]acetylamino }ethoxy)
ethoxylacetyl)), desB30 human insulin, A14E, B16H,
B25H, B29K(N‘hexadecandioyl-yGlu), desB30 human
insulin; A14E, B16H, B25H, B29K(N®eicosanedioyl-yGlu),
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desB30 human insulin; and A14E, B25H, desB27, B29K
(N€-octadecandioyl-yGlu), desB30 human insulin.
50. The formulation according to any one of the preceding
formulation clauses, to the extent possible, wherein the
insulin analogue of the general formula is A14E, B16H,
B25H, B29K(N¢hexadecandioyl-yGlu), desB30 human
insulin.
51. The formulation according to any one of the preceding
formulation clauses, to the extent possible, wherein the
insulin analogue of the general formula is A14E, B16H,
B25H, B29K(N¢eicosanedioyl-yGlu), desB30 human insu-
lin.
52. The formulation according to any one of the preceding
formulation clauses, to the extent possible, wherein the
insulin analogue of the general formula is A14E, B25H,
desB27, B29K(N¢octadecandioyl-yGlu), desB30 human
insulin.
53. The formulation according to any one of the preceding
formulation clauses, to the extent possible, wherein the
insulin analogue of the general formula is A14E, B16H,
B25H, B29K((Neicosanedioyl-gGlu-[2-(2-{2-[2-(2-amin-
oethoxyl)ethoxy]acetylamino }ethoxy)ethoxyJacetyl)),
desB30 human insulin.

54. The formulation according to any one of the preceding
formulation clauses, to the extent possible, wherein the
insulin derivative, after injection, is in a multihexamer form
or a major part thereof, preferably more than 50% thereof,
even more preferred more than 75% (weight/weight)
thereof, is in multihexamer form.

55. The formulation according to any one of the preceding
formulation clauses, to the extent possible, which formula-
tions contains less than 5%, preferably less than 1%, even
more preferred less than 0.1%, (weight/weight) of solid
material.

56. A formulation according to any one of the preceding
formulation clauses, to the extent possible, as defined in the
description, especially as defined in the clauses above.
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invention relates to all possible combinations of said
clauses, embodiments and claims.

The following examples are offered by way of illustration,
not by limitation.

Example 1

Aim

The aim of this experiment was to measure the chemical
and physical stability as a function of zinc concentration in
formulation with Al4E, Bl6H, B25H, B29K
((N®eicosanedioyl-gGlu-[2-(2-{2-[2-(2-aminoethoxyl)
ethoxy]acetylamino }ethoxy )ethoxy]acetyl)), desB30 human
insulin.

Formulation

Al4E, B16H, B25H, B29K((N“Eicosanedioyl-gGlu-[2-
(2-{2-[2-(2-aminoethoxyl)ethoxy]acetylamino} -ethoxy)
ethoxylacetyl)), desB30 human insulin was dissolved in
milliq water to a final concentration of 26.2 mM at a pH
value of about 8. Phenol, cresol, zinc chloride (Zn) and
glycerol were added in the mentioned order according to the
concentration of Zn/6 insulins (herein abbreviated into
“ins”) in the table below resulting in a final insulin concen-
tration of 7.1 mM.

Species Distribution as Observed by SEC at Neutral pH was
Measured Using Method 1.

Physical stability of the formulations was measured as lag
time in Thioflavin T assay.

Chemical stability of the formulations were measured as
increase in High Molecular Weight Protein (HMWP) and
deamidations after storage for two weeks at 37° C. relatively
to the amount of HMWP and deamidation measured after
two weeks of storage at 4° C. The HMWP content after two
weeks storage at 4° C. is 0.6%. The deamidation content
after two weeks storage at 4° C. is 5.4%.

HMWP was measured using HMWP method 1.

Formation of insulin related impurities like deamidations

was measured using reverse phase chromatography
(UPLC).

The amount of desamido A21 and B3 were determined as
absorbance area measured in percentage of total absorbance
area determined after elution of the preservatives.

TABLE 1
Deamidation
HMWP formation Formation
Increase in Increase in
HMWP after deamidation
7.1 mM insulin Lag storage at after storage
16 mM phenol Di- Oligomers time in  37° C. for two at 37° C. for
20 mM cresol hexamers Hexamer smaller hours weeks. Values two weeks.
1.6% glycerol (% of (% of than hexamer in THT at 4° C. Values at 4° C.
pH 7.4 total) total) (% of total) assay subtracted subtracted
0 Zn/6 ins 0 3 97 3 3.2 13.8
1.2 Zn/6 ins 2 62 37 6.7 1.4 4.7
2.3 Zn/6 ins 11 81 7 45 0.4 1.2
3.5 Zn/6 ins 50 41 8 45 0.4 0.9
4.7 Zn/6 ins 74 18 8 45 0.5 1.1
5.9 Zn/6 ins 53 13 33 45 0.5 1.3
7.1 Zn/6 ins 29 41 29 45 0.7 1.6

57. Any novel product, apparatus, method or use defined by
a feature and or a claim and/or a combination of features
and/or claims described herein.

Combining one or more of the clauses and embodiments

described herein, optionally also with one or more of the
claims below, results in further embodiments and the present

60

65

The Following can be Concluded
Based upon the above table, it can be concluded that

oligomerisation increase and decrease as a function of zinc
concentration. The largest amount of hexamer is in formu-
lations containing 2.3 Zn/6 insulin. The largest amount of
di-hexamers is in formulations containing between 3.5 Zn/6
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ins and 5.9 Zn/6. Increase in Zn concentration from 5.9 Zn/6
insulins to 7.1 Zn/6 insulins decrease the amount of di-
hexamer.

The physical stability is optimal in formulation above 2.3
Zn/6 ins since lag time in ThT assay increases as a function
of zinc concentration, and is optimal above 2.3 Zn/6 ins and
recovery after ThT test increase to 100% when the formu-
lation contains 2.3 Zn/6 ins or more.

The chemical stability increases as a function of zinc
concentration; since HMWP formation is optimal in formu-
lations containing from 2.3 Zn/6 insulin to 5.9 Zn/6 ins.
Deamidation formation is likewise optimal in formulations
containing from 2.3 Zn/6 insulin to 5.9 Zn/6 ins.

The oligomerisation of the insulin is linked with the
physical and chemical stability of the sample. Formulations
primarily containing insulin monomers (0 and 1.2 Zn/6 ins)
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Physical stability of the formulations were measured as
lag time in hours in Thioflavin T (ThT) assay and recovery
of insulin measured by HPLC after ThT assay of freshly
prepared samples.

Chemical stability of the formulations were measured as
increase in HMWP and deamidations after storage two
weeks at 37° C. relatively to the amount of HMWP and
deamidation measured after two weeks storage at 4° C.
HWMP was measured using HMWP method 1. Deamida-
tion formation was measured using reverse phase chroma-
tography. The HMWP content after two and five weeks
storage at 4° C. is 0.4-0.5%. The deamidation content after
two weeks storage at 4° C. is 5.4%.

TABLE 2

Insulin
16 mM
phenol Deamidation
20 mM formation
cresol HMWP Increase in Deamidation
1.6% HMWP formation HMWP increase Increase deamidation formation
glycerol Increase after after storage after storage after storage Increase in
4.7 Zn/6 Lag storage at at 30° C. for at 37° C. for at 37° C. for deamidation after
ins. time in  37° C. for two five weeks. 45 days. two weeks.  storage at 30° C.
20 mM hours weeks. Values at Values at Values at for two weeks.
NaCl THT Values at 4° C. 4° C. 4° C. 4° C. Values at 4° C.
pH 74 assay subtracted subtracted subtracted subtracted subtracted
0.51 mM 45 0.3
insulin
3.5 mM 45 0.5 0.6 1 1.4 1.5
insulin
5.1 mM 45 0.3 0.5 1 1.2 1
insulin
7.1 mM 45 0.5 0.4 1 1 1.3
insulin
Degludec 10 0.03 0.07 0.29

40

have low physical and chemical stability. Formulations
containing di-hexameric species appears to be the most
chemically stable con-formation.

Example 2

Aim

The aim of this experiment was to measure the chemical
and physical stability as a function of A14E, B16H, B25H,
B29K((N<eicosanedioyl-gGlu-[2-(2-{2-[2-(2-aminoeth-
oxyl)ethoxy]acetylamino}ethoxy)-ethoxy]acetyl)), desB30
human insulin concentration in a fixed formulation. The
stability of insulin has been shown to depend on the degree
of oligomerisation; hexameric insulin with zinc is more
stable than insulin without zinc (Brange and Langkjeer
1992). Since oligomerisation is also driven by dilution, the
concentration of insulin in the sample may influence the
stability.
Formulation

Al4E, B16H, B25H, B29K((N“Eicosanedioyl-gGlu-[2-
(2-{2-[2-(2-aminoethoxyl)ethoxy]acetylamino } -ethoxy)
ethoxylacetyl)), desB30 human insulin was dissolved in
milliq water at a pH value of about 8. Phenol, cresol, zinc
chloride (Zn) and glycerol were added in the mentioned
order resulting in a final formulation containing: 4.7 Zn/6
insulins, 1.6% glycerol, 16 mM phenol, 20 mM cresol, 20
mM NaCl pH, 7.4 and the insulin concentration stated in the
table below.

45

50

60

65

Based upon the above table, it can be concluded that the
physical stability of the formulations were similar in the
concentration range 0.51-7.1 mM insulin.

HMWP formation is similar for A14E, B16H, B25H,
B29K((N“eicosanedioyl-gGlu-[2-(2-{2-[2-(2-aminoeth-
oxyl)ethoxy]acetylamino }ethoxy)ethoxy]acetyl)), desB30
human insulin in the analysed concentration range 0.51-7.1
mM insulin after two weeks at 37° C. Deamidation and
HMWP development are also similar in the concentration
range 3.5 mM-7.1 mM insulin and time range 5 weeks at 30°
C. and 45 days at 37° C. Furthermore, HMWP development
is low since only 1% of HMWP is formed in 45 days and
deamidations is likewise low since only 1-1.5% of HMWP
is formed.

Example 3

The aim with the study was to investigate the stability in
formulation conditions varying pH, NaCl and Zn as speci-
fied below in the result table. Formulations having the
numbers 1-12 in Table 3 contained 4.2 mM insulin 7 25 mM
phenol, 20 mM m-cresol as well as the ingredients men-
tioned in Table 3 below. The NovoRapid® excipient control
(formulation No. 13 in Table 3) consisted of 600 uM insulin
aspart, 0.3 mM zinc acetate, 20 mM NaCl, 16 mM phenol,
16 mM cresol, 1.6% glycerol and 7 mM phosphate (pH 7.4).
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TABLE 3

16

The different formulations for the experiments in this

test and measured results on physical and chemical stability

Chemical stability
measured as

% HMWP % HMWP % HMWP formation.
4.2 mM insulin Lag time in hours after 12 after 12 Difference at 12
25 mM phenol measured in Thioflavin weeks at  weeks at weeks between
20 mM cresol T (ThT) assay 4° C. 30° C. 30° C.4° C.
1) 2 Zn/6 ins, 20 mM NaCl, 7 0.6 24 1.8
1.6% glycerol, pH 6.6
2) 2 Zn/6 ins, 20 mM NaCl, 22 0.7 1.2 0.5
1.6% glycerol, pH 8.2
3) 2 Zn/6 ins, 75 mM NaCl, 1% 9 0.7 1.9 1.2
glycerol, pH 7.4
4) 2 Zn/6 ins, 150 mM NaCl, 25 0.6 1.2 0.6
pH 8.2
5) 3 Zn/6 ins, 20 mM NaCl, 14 0.6 2.2 1.6
1.6% glycerol, pH 6.6
6) 4 Zn/6 ins, 75 mM NaCl, 1% 45 0.6 1.6 1
glycerol, pH 8.2
7) 4 Zn/6 ins, 150 mM NaCl, 45 0.6 1.6 1
pH74
8) 5 Zu/6 ins, 20 mM NaCl, 29 0.5 1.6 1.1
1.6% glycerol, pH 6.6
9) 5 Zn/6 ins, 20 mM NaCl, 45 0.6 1.4 0.8
1.6% glycerol, pH 7.4
10) 5 Zw/6 ins, 20 mM NaCl, 45 0.7 1.9 1.2
1.6% glycerol, pH 8.2
11) 5 Zw/6 ins, 100 mM 45 0.6 2 1.4
NaCl, pH 6.6
12) 5 Zw/6 ins, 100 mM 45 0.7 2.2 1.5
NaCl, pH 8.2
13) NovoRapid ® excipient 1 1 1.8 0.8
control

The conclusion from the above tables is that the THT lag
time of the formulation is increase as a function of zinc
content and is optimal when the formulation contains more
than 4 Zn atoms per 6 insulin molecules. A further conclu-
sion is that HMWP formation of insulin 7 is within the range
of NovoRapid in the formulations tested

Example 4

Aim

The aim of this experiment was to measure the chemical
and physical stability as a function of zinc concentration in
formulation with insulin 7, insulin 3, insulin 6, insulin 2 and
insulin 8 at an insulin concentration of 4.2 mM.
Formulation

Insulin 7, insulin 3, insulin 6, insulin 2 and insulin 7 were
dissolved in milliq water to a final concentration of about 9
mM at a pH value of about 8. Phenol, cresol, zinc acetate

35

40

45

(Zn), sodium chloride and glycerol were added in the
mentioned order according to the concentration of Zn/6
insulins (herein abbreviated into “ins™) in the table below
resulting in a final insulin concentration of 4.2 mM insulin,
20 mM sodium chloride, 25 mM phenol, 25 mM cresol, pH
7.4.

Fibrillation Tendency as Measured by THT Lag Time in
Hours as Specified in “Methods Section”.

Chemical stability of the formulations were measured as
increase in High Molecular Weight Protein (HMWP)
increase in insulin related impurities after storage for eight
weeks (w) at 37° C. relatively to the amount of HMWP after
storage at 4° C.

HMWP was measured using method 1. Herein, the letter
“w” is used as an abbreviation for weeks.

Amount of Monomer was Measured Using Native Gelfil-
tration, Method 2.

THT
% HMWP % Impurity Lag
% monomer % monomer Formation formation  time in
Insulin Zn/hexamer 4° C. 4w 37°C. 4w  8w37°C. 8w37°C. hours
Insulin 7 21.7 19.7 0.8 3 4
35 30.4 27.5 0.9 4 4.3
4.5 454 414 0.9 4 6.7
5.5 54.7 453 0.9 5 16
58.3 47.0 0.9 4 22
Insulin 3 2.3 1.9 1.2 2.6 45
35 2.2 1.6 1.1 2.5 45
4.5 2.4 1.4 0.8 2.5 45
5.5 6.7 1.4 0.9 2.4 45
13.1 1.3 0.9 1.1 45
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-continued
THT
% HMWP % Impurity Lag
% monomer % monomer Formation formation  time in
Insulin Zn/hexamer 4°C.4w 37°C. 4w  8w37°C. 8w37°C. hours
Insulin 6 3 23 2.2 1.1 4.4 9
3.5 2.1 1.8 0.9 34 20.6
4.5 3.7 14 0.8 2.8 45
5.5 25.0 1.1 0.7 2.0 45
6 33.8 1.2 0.6 1.7 45
Insulin 2 3 74.0 71.1 2.1 9.2 73
3.5 66.3 64.7 1.9 8.6 9.7
4.5 58.9 57.9 1.6 7.2 13
5.5 60.8 50.9 13 8.4 283
6 64.1 4.6 1.2 8.8 45
Insulin 8 3 2.1 2.0 0.5 4.4 6.7
3.5 1.6 1.6 04 37 10
4.5 2.0 1.3 04 2.8 45
5.5 16.3 14 04 2.7 45
6 17.4 14 04 2.5 45
NovoRapid 1.6 11.6
Conclusion.
When insulin 7, insulin 3, insulin 6, insulin 2, and insulin o olf’ HM;YP %% Pu
S.are fqrmulateq at 4.2 mM insulin with zink ip the range 3 5 Insulin mongmer 0;3; atm ; Wm;y
zink/6 ins to 6 zink/6 ins they have longer lag times in THT, Insulin concentration 4° C.4W  37° C. 37°C.  THT
lower HMWP formation and lower impurity formation than -
NovoRapid Insulin 7 2.1 80.7 0.85 7 3
p1d. 42 60.0 0.83 5 5.7
8.4 254 0.64 4 10
B s Insulin 3 2.1 4.1 0.49 3 45
Xample 30 42 24 0.40 3 45
8.4 1.6 0.29 3 45
Aim Insulin 6 2.1 217 0.42 4 38
4.2 16.7 0.45 3 33
The aim of this experiment was to measure the chemical . 8.4 3.9 0.55 2 23
and physical stability as a function of insulin concentration Insulin 2 i; gg'g }gz g }3'7
with fixed zink concentration in formulation containing 3.4 203 132 7 63
insulin 7, insulin 3 insulin 6, insulin 2 and insulin 8. The Insulin 8 2.1 4.4 0.40 4 45
stability of insulin has been shown to depend on the degree 4.2 2.6 0.16 4 45
of oligomerisation; hexameric insulin with zinc is more NovoRanid g'g 1.9 ?gg 1; 43
. . . . . ovo 1 . .
stable than insulin without zinc (Brange and Langkjr 1992). P
Since oligomerisation is also driven by dilution, the con-
centration of insulin in the sample may influence the stabil- Conclusion
ity. When the zinc ratio is fixed to 4.5 Zn/6 ins, insulin 7,
Formulation insulin 3 insulin 6, insulin 2 and insulin 8 have higher
Insulin 7, insulin 3 insulin 6, insulin 2 and insulin 8 were 45 gmoqnt of monomer at loyver concentratlog than at higher
. A insulin concentration. This corresponds with the general
dissolved in milliq water at a pH value of about 8. . . . ) . .

. . . higher THT lag times at higher insulin concentrations and
lPhenlol, cresoé,d Zén,c alcletate (Zn), dSOdlélm Chlcl’rtlde .and higher chemical stability at higher insulin concentrations.
glycerol were added 1n t, ¢ mentione order resu ting 1n a Furthermore insulin 7, insulin 3, insulin 6, insulin 2 and

final formulation containing: 4.5 Zn/6 insulins, 1.6% glyc- . . . .
50 insulin 8 have longer lag times in THT assay, lower HMWP
erol, 25 mM phenol, 25 mM cresol, 20 mM NaCl, pH 7.4 . . . . . .
. : . . formation and impurity formation than NovoRapid despite
and the insulin concentration stated in the table below. . o .
) o ) the monomeric content of up to 80% when analysed in
Chemical stability of the formulations were measured as native gel filtration.
increase in High Molecular Weight Protein (HMWP)
increase in insulin rele}ted impurities after storage for eight <5 Example 6
weeks at 37° C. relatively to the amount of HMWP after
storage at 4° C. Aim
HMWP was measured using method 1. The aim of this experiment was to investigate the oligom-
Amount of deamidation like impurities were measured as ic\?scaflon by size ?Cl;lswn ICMOmatogrgphy asa 1fun;t10n 402f
increase in impurities measured in reverse phase chroma- 60 211\/[ ,COI}Fem 12 E © dormu /zt%on T.ontalljmg% mnsulin that o
tography after eight weeks at 37° C. relatively to the amount m tlnsu 1n an thxe hzmp 1 1ns(111 111115. u ) ei‘ng.olr.e, ¢ aim
of impurities measured after storage eight weeks at 4° C. \lévas olntl.e asure the physical and chemical stability.
ormulation
Fibrillation tf:n(‘l‘ency as measgre(’l’ by THT lag time in hours Insulin 7 was dissolved in milliq water at a pH value of
as specified in “methods section”. 65 about 8. Phenol, cresol, zinc acetate (Zn) and glycerol were

Amount of monomer was measured in native gelfiltration
method 2 in eluent with phenol.

added in the mentioned order resulting in a final formulation
containing: 4.5 Zn/6 insulins, 25 mM phenol, 25 mM cresol,
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pH 7.4 an insulin concentration of 4.2 mM and sodium
chloride (NaCl), zinc acetate and glycerol as stated in the
table below.
Physical stability was assessed by measurement of

20

Conclusion

Amount of insulin 7 monomer decrease as a function of
sodium chloride concentration with a large effect of addition
of just up to 50 mM NaCl.

1. Fibrillation tendency. Measured by Thioflavin T assay. ’ . Che?mlcal deg{ adat.lon mee}sured as HMW,P formatlgn and
. . . . impurity formation is low in all formulations despite the
Fibrillation tendency was measured in Thioflavin T Monomeric content.
(THT) assay as lagtime to fibrillation. THT assay was THT lag times increase with zinc content and sodium
measured as described on freshly prepared samples. chloride content.
2. Oligomer radii in nm and aggregate formation below 4 10 Average hydrodynarplc ra6d11 R, avg. 1no nm and normalized
wm by Dynamic light scattering. intensity L,,,..., avg. in 10° count/sec (4° C.). Note: Samples
. . R were not measured at t=0.
Chemical stability of the formulations were measured as
increase in High Molecular Weight Protein (HMWP)
increase in insulin related impurities after storage for four 15 Zink/6 ins, NaCl R, Liory 28
weeks (4 w) at 37° C. relatively to the amount of HMWP content and glycerol ave. (om) (10" cts)
after storage at 4° C. Insulin content 2w 4w 2w 4w
HMWP was measured using HMWP method 2. Degludec 114 115 144 1.76
Formation of insulin related impurities like deamidations ,; NovoRapid 249 249 194 227
: Insulin 7 4 Zu/6 ins 235 232 752 7.53
was measured using reverse phase chromatography (UPLC) 20 mM NaCl, 1.6%
Amount of monomer was measured in native gelfiltration glycerol
. . 4 Zu/6 ins 296 3.02 147 161
method 2 in eluent without phenol. 50 mM NaCL, 1.1%
HMWP formation and lag time to fibrillation in THT assay glycerol
of insulin 7
% monomer HMWP HMWP
Zink/6 ins, NaCl SEC % monomer  formation THT lag ~ Formation
content and glycerol Without SEC in % times in in %
content phenol With phenol 4 W 37° C. Hours 4w 37°C.
4 Zn/6 ins 61 48 0.4 15.6 0.89
20 mM NaCl,
1.6% glycerol
4 Zn/6 ins 49 33 0.39 19.2 0.8
50 mM NaCl, 1.1%
glycerol
4 Zn/6 ins 46 30 0.43 22.0 0.81
75 mM NaCl,
0.7% glycerol
4 Zn/6 ins 45 29 0.49 23.0 0.87
120 mM NaCl
5 Zn/6 ins, 78 48 0.52 22.0 0.85
20 mM NaCl,
1.6% glycerol
5 Zn/6 ins 68 36 0.41 27.7 0.84
50 mM NaCl
1.1% glycerol
5 Zn/6 ins 62 32 0.40 30.9 0.79
75 mM NaCl
0.7% glycerol
5 Zn/6 ins, 64 32 0.35 29.6 0.77
120 mM NaCl
6 Zn/6 ins 86 44 0.35 34.2 0.8
20 mM NaCl
1.6% glycerol
6 Zn/6 ins 77 37 0.28 40.4 0.73
50 mM NaCl
1.1% glycerol
6 Zn/6 ins 77 35 0.33 45.0 0.73
75 mM NaCl
0.7% glycerol
6 Zn/6 ins 62 28 0.40 45.0 0.73
120 mM NaCl
7 Zn/6 ins 58 34 0.45 45.0 0.95
20 mM NaCl

1.6% glycerol
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Insulin

Zink/6 ins, NaCl
content and glycerol

content

Loy aVE.
(10° cts)

2w

4w

Average
hydro-
dynamic
radii

R, avg. in
nm and
normalized
intensity
Lo aVE.
in 108
count/sec

4 7Zn/6 ins

75 mM NaCl, 0.7%
glycerol

4 7Zn/6 ins

120 mM NaCl
5 Zn/6 ins

50 mM NaCl
1.1% glycerol
5 Zn/6 ins

75 mM NaCl
0.7% glycerol
5 Zn/6 ins
120 mM NaCl
6 Z1n/6 ins

50 mM NaCl
1.6% glycerol
6 Z1n/6 ins

75 mM NaCl
1.1% glycerol
6 Z1n/6 ins

120 mM NaCl
0.7% glycerol
7 Zn/6 ins

20 mM NaCl
1.6% glycerol
5 Zn/6 ins

20 mM NaCl, 1.6%
glycerol

6 Z1n/6 ins

20 mM NaCl, 1.6%
glycerol

(37° C.).

Degludec
NovoRapid
Insulin 7

4 Zn/6 ins

20 mM NacCl, 1.6% glycerol
4 Zn/6 ins

50 mM NaCl, 1.1% glycerol
4 Zn/6 ins

75 mM NacCl, 0.7% glycerol
4 Zn/6 ins

120 mM NaCl

5 Zn/6 ins

50 mM NaCl

1.1% glycerol

5 Zn/6 ins

75 mM NaCl

0.7% glycerol

5 Zn/6 ins

120 mM NaCl

6 Zn/6 ins

50 mM NaCl

1.6% glycerol

6 Zn/6 ins

75 mM NaCl

1.1% glycerol

6 Zn/6 ins

120 mM NaCl

0.7% glycerol

341

4.11

3.07

3.23

3.88

2.18

2.04

1.14
249
2.35

2.96

341

4.11

3.39

3.79

3.23

3.88

3.49

4.16

3.1

3.41

3.85

2.28

1.99

1.14
2.46
2.26

2.99

3.43

4.03

3.47

3.88

3.23

3.87

18.0

21.7

13.3

17.9

243

7.85

5.64

1.44
1.94
7.52

14.7

18.0

21.7

20.0

21.9

17.9

243

19.5

234

14.8

19.8

23.1

6.56

4.65

1.50
1.94
10.6

15.6

18.9

23.0

19.6

21.5

18.1

224

10

15

20

25

30

35

40

45

50

55

60

65

-continued
Zink/6 ins, NaCl R, L,y AVE.
content and glycerol avg. (nm) (108 cts)
Insulin content 2w 4w 2w 4w
7 Zn/6 ins 252 240 180 12.7
20 mM NaCl
1.6% glycerol
5 Zn/6 ins 218 211 7.85 10.7
20 mM NaCl, 1.6% glycerol
6 Zn/6 ins 2.04 196 5.64 9.73
20 mM NaCl, 1.6% glycerol
Conclusion

The hydrodynamic radius increases with increasing salt
concentration.

Zn concentration has a minor impact on size except at 7
Zn per 6 Ins.

No significant effect on oligomer size and physical sta-
bility from incubation temperature.

Example 7

Aim

The aim of this experiment was to measure the chemical
and physical stability as a function of sodium chloride and
sodium acetate concentration in formulation with 4.2 mM
insulin 7.

Formulation

Insulin 7 was dissolved in milliq water to a final concen-
tration of about 9 mM at a pH value of about 8. Phenol,
cresol, zinc acetate (Zn), sodium chloride, sodium acetate
and glycerol were added in the mentioned order resulting in
a final formulation containing: 4.5 Zn/6 insulins, 25 mM
phenol, 25 mM cresol, pH 7.4 an insulin concentration of 4.2
mM and sodium chloride (NaCl), sodium acetate (NaAc)
and glycerol as stated in the table below.

Physical stability was assessed by measurement of

3. Fibrillation tendency. Measured by Thioflavin T assay.
Fibrillation tendency was measured in Thioflavin T
(THT) assay as lagtime to fibrillation. THT assay was
measured as described on freshly prepared samples.

4. Oligomer radii in nm and aggregate formation below 4
um by Dynamic light scattering.

Chemical stability of the formulations were measured as
increase in High Molecular Weight Protein (HMWP)
increase in insulin related impurities after storage for four
weeks (4 w) at 37° C. relatively to the amount of HMWP
after storage at 4° C.

HMWP was measured using HMWP method 2.

Formation of insulin related impurities like deamidations
was measured using reverse phase chromatography (UPLC)

Amount of monomer was measured in native gelfiltration
method 2 in eluent with phenol.

HWMP Formation, Impurity Formation and Lag Time to
Fibrillation in THT Assay
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SEC with
phenol Impurity Lag time in
% monomer  formation HMWP formation THT in
Insulin NaCl, NaAc content 4w 4w 37° C. 4w 37° C. hours
Insulin 7 20 mM NaCl, 1.6% 70% 5 0.65 17.3
glycerol
50 mM NaCl, 1.24% 68% 5 0.54 25.3
glycerol
75 mM NaCl, 0.85 % 45% 4 0.52 27.3
glycerol
100 mM NaCl, 42% 4 0.53 31.3
0.46% glycerol
20 mM NaCl, 30 mM 45% 5 0.51 25.6
Acetate, 1.24% glycerol
50 mM NaCl, 38% 4 0.52 29.6
30 mM acetate, 0.46%
glycerol
NovoRapid 6.6 0.95 2
Average hydrodynamic radii R,, avg. in nm and normal- —continued
ized intensity I, avg. in 10° count/sec (4° C.).
R, avg.
NaCl, (nm) L avg. (10° cts)
6
NaCl, R, avg, (nm) Loy, Ve (107 ts) Insulin NaAc content Ow 4w 8w Ow 4w 8w
Insulin NaAccoment Ow 4w 8w Ow 4w 8w 2 50 mM NaCl, 3.53 3.64 358 17.0 18.6 18.1
30 mM acetate,
NovoRapid 237 227 236 235 261 3.13 0.46%
Insulin 7 20 mM NaCl,  2.04 200 199 417 991 9.1 glycerol,
1.6% glycerol 25 mM phenol,
50 mM NaCl,  3.09 291 293 7.79 151 13.6 20 mM cresol
1.24% glycerol 30 50 mM NaCl, 3.55 3.56 354 10.8 189 177
75 mM NaCl, 3.52 3.37 342 17.8 182 17.6 30 HEM acetate,
0.85% glycerol 0i46A) |
100 mM NaCl, 3.61 3.54 3.51 189 194 179 glycerol,
0.46% glycerol
20mM NaCl,  3.09 298 295 146 134 145 35 Concfusion:
30 mM . . . . . . . .
Acetate, The hydrodynamic radius increases with increasing ionic
1.24% glycerol strength.
50 mM NaCl,  3.53 3.51 370 17.0 17.8 19.2 L . .
30 mM acetate, Very small change in size and scattered intensity over
0.46% 40 time (similar or better than NovoRapid.)
iyce;)[l’ enol No significant effect on oligomer size and physical sta-
mM phenol, e . .
20 mM cresol bility from the incubation temperature.
50 mM NaCl,  3.55 3.48 3.09 10.8 168 17.7 Conclusion
30 mM acetate, . . . . .
o 45 When insulin 7 at 4.2 mM insulin and 4.5 zink/6 moles of
0.46% glycerol . o o ) ; .
insulin is formulated with increasing sodium chloride con-
centration or sodium chloride combined with acetate
. ﬁvpr age.hy(lir odynamlg rall((1)161 R, a://g. n 31171101 énd normal- decreases the monomeric content when analysed with native
ized intensi avg. in count/sec ). .
Y Luorm AVE ( ) 50 gelfiltration.
The effect of sodium chloride and sodium acetate is
Ry avg. similar the total ion strength decrease the amount of mono-
NaCl, (nm) L. ave (10° cts)
mer.
Insulin NaAc content Ow 4w 8w Ow 4w 8w 55
NovoRapid 237 226 234 235 234 335 Example 8
Insulin 7 20 mM NaCl,  2.04 208 198 417 804 5.20
1.6% glycerol Aim
50 mM NaCl,  3.09 3.00 292 7.79 15.1 13.5 . . . .
1.24% glycerol 6 The aim of this experiment was to measure the chemical
358234 Il\lach | 352 345 341 178 172 995 and physical stability of insulin 7 as a function of sodium
.85% glycero K R
100 mM NaCl, 3.61 3.60 3.56 189 193 122 chloride concentration.
0.46% glycerol F lati
20 mM NaCl,  3.09 3.06 298 146 160 154 ormulation
30 mM Insulin 7 was dissolved in milliq water at a pH value of
Acetate, 65

1.24% glycerol

about 8. Phenol, cresol, zinc acetate (Zn) and glycerol were
added in the mentioned order resulting in a final formulation
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containing: 4.5 Zn/6 insulins, 25 mM phenol, 25 mM cresol
pH 7.4 and sodium chloride and sodium chloride as stated
below in the table.

26

Micro Flow Imaging measurement of particle formation.

Physical stability of the formulations was measured using 7 o 14 28 59 9%
. . . o5 days days days days days days
three different assays addressing different aspects of physi- [NaCl] Temp (#/mL) (ECD > 4 um,
cal stability. API (mM) (°C.) Cir * AR * IntSTD < 70)

1. Lag tlme to.ﬁbnuatlon was measured as lag time in NovoRapid 20 4 38 57 71 59 308 522
hours in Thioflavin T (ThT) assay and recovery of 30 61 54 688
insulin measured by HPLC after THT assay. 10 3757 107 94 168 206 678

2 A i d varticle f tion in si bel 45 119 80 46 126 162 1424

- Aggregation and particle formation in size range below Insulin 7 20 4 so 27 40 a6 s a1
4 pm was measured by Dynamic light scattering (DLS). 30 27 88 63
3. Aggregation and particle formation in size range above 3736 101 84 48 184 33
. . . 45 32 48 78 88 149 208
4. um was measured by micro flow imaging (MFI) of 5 50 4 a4 75 134 6 3%
the formulations by estimating the concentration of 30 117 180
protein particles by MFI particle as function of incu- i; zg 3‘11 3? 12? gg
bation time and temperature. 75 4 19 36 157 52 T 61
Chemical stability of the formulations were measured as . 30 15 166 201
increase in High Molecular Weight Protein (HMWP) 37032 48 36 40 1M 61
. L . .- 45 57 34 29 55 120 182
increase in insulin related impurities after storage for four
weeks (4 w) at 37° C. relatively to the amount of HMWP
after storage at 4° C.
HMWP was measured using HMWP method 2. 25
Formation of insulin related impurities like deamidations Average hydrodynamic radii R, avg. in nm and normal-
was measured using reverse phase chromatography (UPLC). ized intensity I, avg. in 10° count/sec (4° C.).
NacCl
in Glycerol Ry avg. (nm) L. ave (10° cts)
Insulin mM in % 0d 5d 10d 2w 4w 8w 0d 5d 10d 2w 4w 8w
NovoRapid 251 251 246 243 236 240 234 225 198 197 201 148
Insulin 7 20 1.6 215 211 218 206 229 222 672 952 937 109 851 102
50 1.1 3.07 3.04 300 301 3.09 309 139 166 167 167 135 150
75 0.7 337 337 338 338 348 344 180 181 192 19.0 191 188
2 Average hydrodynamic radii R, avg. in nm and normal-
ized intensity I, avg. in 10° count/sec (30° C.).
NaCl  Glye-
in erol R, avg. (nm) L avg. (109 cts)
45
Insulin mM  in% Ow 4w 8w Ow 4w 8w
NovoRapid 251 236 241 234 156 171
Insulin 7 20 L6 215 213 222 672 9.07 9.16
50 L1 307 324 306 139 174 161
50 75 07 337 327 347 180 172 186
Average hydrodynamic radii R, avg. in nm and normal-
ized intensity I, avg. in 10° count/sec (37° C.).
NacCl
in Glycerol R, avg. (nm) Lo ave. (10 cts)
Insulin mM in % 0d 5d 10d 2w 4w 8w 0d 5d 10d 2w 4w 8w
NovoRapid 251 246 249 244 250 245 234 280 196 151 246 2.05
Insulin 7 20 1.6 215 213 216 209 224 220 672 948 917 893 834 858
50 1.1 3.07 3.06 305 3.06 3.03 303 139 159 164 164 169 138
75 0.7% 337 348 342 346 343 339 180 184 185 185 180 187
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Here, the letter “d” is an abbreviation for days.
Average hydrodynamic radii R, avg. in nm and normal-
ized intensity 1 avg. in 10° count/sec (45° C.).

norm

28
isocratic gradient at 20%/80% of NB, 38-39 min linear
change to 85%/15% of NB, 39-42 min. isocratic gradient at
85%/15% of NB.

NaCl Glycerol R, avg. (nm) L. ave (10° cts)
Insulin in mM in % 0d 5d 10d 2w 4w 8w 0d 5d 10d 2w 4w 8w
NovoRapid 251 241 243 239 234 1.64 177 144
Insulin 20 1.6 215 219 221 203 202 199 672 731 735 101 106 9.72
7 50 1.1 3.07 3.02 3.02 3.06 281 293 139 134 156 159 8.61 10.7
75 0.7 3.37 340 337 341 341 330 180 172 174 173 184 17.6
Conclusion General Introduction to ThT Fibrillation Assays for the

Samples form an oligomer whose size depends on the salt
concentration.

The oligomers remain stable throughout the experiment.

Temperature does not affect oligomer size and stability
under the conditions specified.

Methods
Chemical Stability

Chemical stability of the formulations were measured as
increase in High Molecular Weight Protein (HMWP)
increase in insulin related impurities after storage for eighth
weeks (w) at 37° C. relatively to the amount of HMWP after
storage at 4° C.

Method 1 for HMWP Measurement.

HMWP was measured as follows. Quantitative determi-
nation of peptide (monomeric) as well as content of HMWP
was performed on Waters (300x7.8 mm, part nr wat 201549)
with an eluent containing: 4 mM L-arginine HCI, 496 mM
NaCl, 10 mM NaH,PO,, 5 mM H,PO,, 50% (volume/
volume) 2-propanol at a flow rate of 0.5 ml/min and 50° C.
Detection was performed with a tunable absorbance detector
(Waters 486) at 276 nm. Injection volume was 2 pl and a 600
UM human insulin standard was included. The amount of
HWMP was determined in area percentage relatively to the
total area of insulin in the chromatogram.

Method 2 for HMWP Measurement.

HMWP was measured as follows. Determination of con-
tent of HMWP relatively to content of peptide monomer was
performed on Waters (150x4.5 mm, part nr wat) with an
eluent containing: 4 mM L-arginine, 496 mM NaCl, 10 mM
NaH,PO,, 5 mM H;PO,, 50% (volume/volume) 2-propanol
at a flow rate of 0.5 ml/min and 50° C. Detection was
performed with a tunable absorbance detector (Waters 486)
at 276 nm. A 600 uM human insulin standard was included.
The amount of HWMP was determined in area percentage
relatively to the total area of insulin in the chromatogram.

Formation of insulin related impurities like deamidations
was measured as follows.

Reverse phase chromatography (UPLC)

Determination of the insulin related impurities were per-
formed on a UPLC system using a Phenomenex Kinetix RP
C18 2.1x150 mm column, particle size of 1.7 um with a flow
rate of 0.3 ml/min., at 50° C. detection at 220 nm. Elution
was performed with a mobile phase consisting of the fol-
lowing: A. 10% (V/V) acetonitrile, 0.09 M di-ammonium-
hydrogen phosphat pH 3.6 B. 80% (volume/volume)
acetonitrile. Gradient: 0-7 min linear change 85%/15% of
NB to 74%/26% NB, 7-34 min linear change to 60%/40%
NB, 34-36 min linear change to 20%/80% of NB, 36-38 min.
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Assessment of Physical Stability of Protein Formulations

Low physical stability of a peptide may lead to amyloid
fibril formation, which is observed as well-ordered, thread-
like macromolecular structures in the sample eventually
resulting in gel formation. This has traditionally been mea-
sured by visual inspection of the sample. However, that kind
of measurement is very subjective and depending on the
observer. Therefore, the application of a small molecule
indicator probe is much more advantageous. Thioflavin T
(ThT) is such a probe and has a distinct fluorescence
signature when binding to fibrils [Naiki et al. in Aral.
Biochem. 177 (1989), 244-249; and Le-Vine in Methods.
Enzymol. 309 (1999), 274-284].

The time course for fibril formation can be described by
a sigmoidal curve with the following expression [Nielsen et
al. in Biochemistry 40 (2001), 6036-6046]:

fr +mgrt Equation (1)

F=fi+tmr+ T3 o0

Here, F is the ThT fluorescence at the time t. The constant
t, is the time needed to reach 50% of maximum fluores-
cence. The two important parameters describing fibril for-
mation are the lag-time calculated by t,—2t and the apparent
rate constant k,,,=1/t.

Formation of a partially folded intermediate of the peptide
is suggested as a general initiating mechanism for fibrilla-
tion. Few of those intermediates nucleate to form a template
onto which further intermediates may assembly and the
fibrillation proceeds. The lag-time corresponds to the inter-
val in which the critical mass of nucleus is built up and the
apparent rate constant is the rate with which the fibril itself
is formed.

Sample Preparation

Samples were prepared freshly before each assay. Each
sample composition is described in the examples. The pH of
the sample was adjusted to the desired value using appro-
priate amounts of concentrated NaOH and HCI. Thioflavin
T was added to the samples from a stock solution in H,O to
a final concentration of 1 uM.

Sample aliquots of 200 pl were placed in a 96 well
microtiter plate (Packard OptiPlate™-96, white polysty-
rene). Typically four (or eight) replica of each sample
(corresponding to one test condition) were placed in one
column of wells. The plate was sealed with Scotch Pad
(Qiagen).

Incubation and Fluorescence Measurement

Incubation at given temperature, shaking and measure-
ment of the ThT fluorescence emission were done in a
Fluoroskan Ascent FL fluorescence platereader (Thermo
Labsystems). The temperature was adjusted to 37° C. The
plate was either incubated without shaking (no external
physical stress) or with orbital shaking adjusted to 960 rpm
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with an amplitude of 1 mm. Fluorescence measurement was
done using excitation through a 444 nm filter and measure-
ment of emission through a 485 nm filter. Each run was
initiated by incubating the plate at the assay temperature for
10 min. The plate was measured every 20 minutes for a
desired period of time. Between each measurement, the plate
was shaken and heated as described. The assay was run for
up to 45 hours.

HPLC Concentration Measurement: Recovery

After completion of the ThT assay the four or eight replica
of each sample was pooled and centrifuged at 20,000 rpm
for 30 minutes at 18° C. The supernatant was filtered
through a 0.22 um filter and an aliquot was transferred to a
HPLC vial.

The concentration of peptide in the initial sample and in
the filtered supernatant was determined by reverse phase
HPLC using an appropriate standard as reference. The
percentage fraction of the concentration of the filtered
sample constituted in relation to the initial sample concen-
tration was reported as the recovery.

Data Handling

The measurement points were saved in Microsoft Excel
format for further processing and curve drawing and fitting
was performed using GraphPad Prism. The background
emission from ThT in the absence of fibrils was negligible.
The data points are typically a mean of four or eight samples
and shown with standard deviation error bars. Only data
obtained in the same experiment (i.e. samples on the same
plate) are presented in the same graph ensuring a relative
measure of fibrillation between experiments.

The data set may be fitted to Equation (1). However, the
lag time before fibrillation may be assessed by visual
inspection of the curve identifying the time point at which
ThT fluorescence increases significantly above the back-
ground level. If no ThT fluorescence increase was observed
for any of the replica in one sample within the assay time of
45 hours, a lag time of 45 hours was assigned.

Physical Stability Measured by Dynamic Light Scattering
(DLS)
Dynamic Light Scattering

In dynamic light scattering, microsecond fluctuations in
scattered laser light incident on a aqueous sample is detected
and transformed into diffusion coeflicients (D) of the indi-
vidual species via the so-called autocorrelation function. For
convenience, the diffusion coefficients are typically reported
in hydrodynamic radii (R,) assuming the sample to consist
of spherical species. Furthermore, from the radii, an empiri-
cal estimate of the molecular weight is obtained. Dynamic
light scattering is a highly sensitive method, which can
resolve tiny changes in size as well as minute amounts of
aggregated species that are undesirable in pharmaceutical
formulations.

The average, static intensity recorded by the detector also
serves as an overall measure of the physical stability of the
sample as development of larger species increase the scat-
tered intensity drastically.

Method: Dynamic Light Scattering

Samples were prepared in 20 mM phosphate pH 7.5 buffer
and had concentrations of 0.9 mg/mL or 45.5 mg/mL (11.5
and 0.23 mM, respectively). Measurements were performed
on a Wyatt (Santa Barbara, Calif.) DynaPro DLS plate
reader at 25° C., and samples were kept at 37° C. between
measurements. Samples were measured for up to two weeks
at time points indicated in Table 1. Measurements were
performed in 25-ul. triplicate or quintoplicate in Corning
3540 384-well microtiter plates (Corning, N.Y.) sealed with
transparent plastic foil (Thermo Fischer Scientific, Waltham,
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Mass.) with twenty 10-second acquisitions per measure-
ment. Autocorrelation curves were fitted with a regulariza-
tion fit in Dynamics 7.1.7.16 and the resulting diffusion
coeflicients were transformed into hydrodynamic radii and
molecular mass assuming a spherical shape and an empirical
relation between size and mass. Scattered intensities were
normalized with respect to laser intensity and detector
sensitivity.

Particle Formation Above 4 pm Measured by Micro Flow
Imaging (MFI).

Solutions were incubated in Penfill® cartridges at the
temperatures stated in the table. After the given incubation
periods, the Penfill® cartridges were emptied into 14 mL
falcon tubes. 2x1 mL of sample was analyzed on MFI5200+
Botl system. Concentration of protein-like particles
(ECD>4 pum and Circularity* AspectRatio*IntensitySTD
<70) were measured to filter away Penfill® to Penfil®
variability in the concentration of silicone-oil like droplets.
Species Distribution as Observed by SEC at Neutral pH.
Method 1.

The running buffer was 150 mM NaCl, 2 mM phenol and
10 mM Tris pH 7.6. AMW standard comprised a monomeric
insulin (x2) (19.0 min), non-dissociation hexameric insulin
(Co(IIDHI (*“HI” is human insulin)) (16.0 min), HSA (14.0
min) and HSA-dimer (12.5 min) was used for the assign-
ment of species. The column exclusion limit was 2x106 Da.
The chromatographic envelope was integrated and dihex-
amers was defined as AUC 12.5 min-14.3 min, hexamers as
14.3 min-16.0 min and oligomers smaller than hexamers as
16.0 min-21.0 min.

Method 2

Column, BEH200, 1.7 um, 4.6x150 mm column from
Waters with flow 0.3 ml/min at 22° C. of 8 mM phenol in
method with phenol or 0 mM phenol in method without
phenol, 140 mM NaCl, 10 mM Tris/HC] pH 7.4. Species
distribution is detected by UVVis and evaluated against
appropriate MW protein standards.

All references, including publications, patent applica-
tions, and patents, cited herein are hereby incorporated by
reference in their entirety and to the same extent as if each
reference were individually and specifically indicated to be
incorporated by reference and were set forth in its entirety
herein (to the maximum extent permitted by law).

The citation and incorporation of patent documents herein
is done for convenience only and does not reflect any view
of the validity, patentability, and/or enforceability of such
patent documents. The mentioning herein of references is no
admission that they constitute prior art.

All headings and sub-headings are used herein for con-
venience only and should not be construed as limiting the
invention in any way.

Unless otherwise defined, all technical and scientific
terms used herein have the same meaning as commonly
understood by one of ordinary skill in the art to which this
invention pertains. In the case of inconsistency between the
present disclosure and the issued patents, applications and
references that are cited herein or elsewhere, the present
disclosure will prevail.

The use of any and all examples, or exemplary language
(e.g., “such as”) provided herein, is intended merely to better
illuminate the invention and does not pose a limitation on the
scope of the invention unless otherwise claimed. No lan-
guage in the specification should be construed as indicating
any non-claimed element as essential to the practice of the
invention.

Herein, the word “comprise” is to be interpreted broadly
meaning “include”, “contain” or “comprehend” (vide,



US 9,481,721 B2

31
Guidelines for Examination in the Europe Patent Office, part
C, chapter III, 4.21, December 2007).
This invention includes all modifications and equivalents
of the subject matter recited in the claims and clauses
appended hereto as permitted by applicable law.
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about 25 mM of m-cresol, about 4.5 zinc ions per six mole
of insulin derivative, about 75 mM of sodium chloride and
having a pH value of about 7.4.

5. The pharmaceutical formulation according to claim 1,
wherein said insulin derivative is Al14E, B16H, B25H,

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 2
<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 1

LENGTH: 21

TYPE: PRT

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Synthetic

<400> SEQUENCE: 1

Gly Ile Val Glu Gln Cys Cys Thr Ser Ile Cys Ser Leu Glu Gln Leu

1 5 10
Glu Asn Tyr Cys Asn
20

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 2

LENGTH: 29

TYPE: PRT

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Synthetic

<400> SEQUENCE: 2

15

Phe Val Asn Gln His Leu Cys Gly Ser His Leu Val Glu Ala Leu His

1 5 10

Leu Val Cys Gly Glu Arg Gly Phe His
20 25

Tyr Thr Pro Lys

15

What is claimed is:

1. A pharmaceutical formulation comprising an insulin
derivative selected from the group consisting of Al4E,
B16H, B25H, B29K((N*eicosanedioyl-yGlu-[2-(2-{2-[2-(2-
aminoethoxy)-ethoxy]acetylamino }ethoxy)ethoxyJacetyl)),
desB30 human insulin; A14E, B16H, B25H, B29K-
(N*hexadecandioyl-yGlu), desB30 human insulin; A14E,
B16H, B25H, B29K (N¢eicosanedioyl-yGlu), desB30 human
insulin; and A14E, B25H, desB27, B29K(N*-(octadecan-
dioyl-yGlu), desB30 human insulin, and from about 1 to
about 2% (weight/weight) of glycerol, from about 16 to
about 35 mM of phenol, from about 16 to about 35 mM of
m-cresol, from about 3.5 to about 5.5 mole of zinc ions per
six mole of said insulin derivative and not more than about
75 mM of sodium chloride.

2. The pharmaceutical formulation according to claim 1,
comprising about 4.2 mM of the insulin derivative, about
1.6% (weight/weight) of glycerol, about 25 mM of phenol,
about 25 mM of m-cresol, about 4.5 Zn ions per six mole of
said insulin derivative, about 20 mM of sodium chloride and
having a pH value of about 7.4.

3. The pharmaceutical formulation according to claim 1,
comprising about 2.1-5.2 mM of the insulin derivative,
about 0.5-1.8% (weight/weight) of glycerol, about 22-28
mM of phenol, about 22-28 mM of m-cresol, about 3.8-5
zinc ions per six mole of insulin derivative, about 10-90 mM
of sodium chloride and having a pH value of about 7.2-8.2.

4. The pharmaceutical formulation according to claim 1,
comprising about 4.2 mM of the insulin derivative, about
0.7% (weight/weight) of glycerol, about 25 mM of phenol,
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B29K((N<eicosanedioyl-yGlu-[2-(2-{2-[2-(2-aminoethoxy)
ethoxy]-acetylamino }ethoxy)ethoxy]acetyl)), desB30
human insulin.

6. The pharmaceutical formulation according to claim 5,
comprising about 4.2 mM of the insulin derivative, about
1.6% (weight/weight) of glycerol, about 25 mM of phenol,
about 25 mM of m-cresol, about 4.5 Zn ions per six mole of
said insulin derivative, about 20 mM of sodium chloride and
having a pH value of about 7.4.

7. The pharmaceutical formulation according to claim 5,
comprising about 2.1-52 mM of the insulin derivative,
about 0.5-1.8% (weight/weight) of glycerol, about 22-28
mM of phenol, about 22-28 mM of m-cresol, about 3.8-5
zinc ions per six mole of insulin derivative, about 10-90 mM
of sodium chloride and having a pH value of about 7.2-8.2.

8. The pharmaceutical formulation according to claim 5,
comprising about 4.2 mM of the insulin derivative, about
0.7% (weight/weight) of glycerol, about 25 mM of phenol,
about 25 mM of m-cresol, about 4.5 zinc ions per six mole
of insulin derivative, about 75 mM of sodium chloride and
having a pH value of about 7.4.

9. The pharmaceutical formulation according to claim 1,
wherein said insulin derivative is Al14E, B16H, B25H,
B29K(N“hexadecandioyl-yGlu), desB30 human insulin.

10. The pharmaceutical formulation according to claim 9,
comprising about 4.2 mM of the insulin derivative, about
1.6% (weight/weight) of glycerol, about 25 mM of phenol,
about 25 mM of m-cresol, about 4.5 Zn ions per six mole of
said insulin derivative, about 20 mM of sodium chloride and
having a pH value of about 7.4.
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11. The pharmaceutical formulation according to claim 9,
comprising about 2.1-5.2 mM of the insulin derivative,
about 0.5-1.8% (weight/weight) of glycerol, about 22-28
mM of phenol, about 22-28 mM of m-cresol, about 3.8-5
zinc ions per six mole of insulin derivative, about 10-90 mM
of sodium chloride and having a pH value of about 7.2-8.2.

12. The pharmaceutical formulation according to claim 9,
comprising about 4.2 mM of the insulin derivative, about
0.7% (weight/weight) of glycerol, about 25 mM of phenol,
about 25 mM of m-cresol, about 4.5 zinc ions per six mole
of insulin derivative, about 75 mM of sodium chloride and
having a pH value of about 7.4.

13. The pharmaceutical formulation according to claim 1,
wherein said insulin derivative is A14E, B16H, B25H,
B29K (N€eicosanedioyl-yGlu), desB30 human insulin.

14. The pharmaceutical formulation according to claim
13, comprising about 4.2 mM of the insulin derivative, about
1.6% (weight/weight) of glycerol, about 25 mM of phenol,
about 25 mM of m-cresol, about 4.5 Zn ions per six mole of
said insulin derivative, about 20 mM of sodium chloride and
having a pH value of about 7.4.

15. The pharmaceutical formulation according to claim
13, comprising about 2.1-5.2 mM of the insulin derivative,
about 0.5-1.8% (weight/weight) of glycerol, about 22-28
mM of phenol, about 22-28 mM of m-cresol, about 3.8-5
zinc ions per six mole of insulin derivative, about 10-90 mM
of sodium chloride and having a pH value of about 7.2-8.2.

16. The pharmaceutical formulation according to claim
13, comprising about 4.2 mM of the insulin derivative, about
0.7% (weight/weight) of glycerol, about 25 mM of phenol,
about 25 mM of m-cresol, about 4.5 zinc ions per six mole
of insulin derivative, about 75 mM of sodium chloride and
having a pH value of about 7.4.
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17. The pharmaceutical formulation according to claim 1,
wherein said insulin derivative is A14E, B25H, desB27,
B29K(N*-(octadecandioyl-yGlu), desB30 human insulin.

18. The pharmaceutical formulation according to claim
17, comprising about 4.2 mM of the insulin derivative, about
1.6% (weight/weight) of glycerol, about 25 mM of phenol,
about 25 mM of m-cresol, about 4.5 Zn ions per six mole of
said insulin derivative, about 20 mM of sodium chloride and
having a pH value of about 7.4.

19. The pharmaceutical formulation according to claim
17, comprising about 2.1-5.2 mM of the insulin derivative,
about 0.5-1.8% (weight/weight) of glycerol, about 22-28
mM of phenol, about 22-28 mM of m-cresol, about 3.8-5
zinc ions per six mole of insulin derivative, about 10-90 mM
of sodium chloride and having a pH value of about 7.2-8.2.

20. The pharmaceutical formulation according to claim
17, comprising about 4.2 mM of the insulin derivative, about
0.7% (weight/weight) of glycerol, about 25 mM of phenol,
about 25 mM of m-cresol, about 4.5 zinc ions per six mole
of insulin derivative, about 75 mM of sodium chloride and
having a pH value of about 7.4.

21. The pharmaceutical formulation according to claim 1,
wherein the amount of insulin derivative is above 1.2 mM.

22. The pharmaceutical formulation according to claim 1,
wherein the amount of insulin derivative is above 2.1 mM.

23. The pharmaceutical formulation according to claim 1,
wherein the amount of insulin derivative is below 9 mM.

24. The pharmaceutical formulation according to claim 1,
wherein the amount of insulin derivative is below 7.1 mM.

25. The pharmaceutical formulation according to claim 1,
wherein the amount of insulin derivative is below 6 mM.
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